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© Temperature measuring device. 

© A temperature measuring device includes an op- 
tical fiber (11), a metallic protective tube (12) for 
covering the optical fiber, and a heat insulation coat- 
ing (13) for covering the protective tube. The optical 
fiber is covered with the protective tube and the heat 
insulation coating to form a double-covered optical 
fiber. The heat insulation coating contains particles 
as an additive having a melting point higher than a 
temperature of a molten metal being measured. The 
heat insulation coating can comprises cellulose. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a temperature 
measuring device, and more particularly to a struc- 
ture of the temperature measuring device. 

2. Description of the Related Arts 

In a continuous casting process, for example, 
accurate measurement of temperature and surface 
level of molten steel during casting is necessary for 
improving the product quality and the production 
yield. Conventional technology for measuring the 
temperature of molten steel in a tundish and a 
mold prepares a solidification chamber inside of a 
carbon sleeve to Introduce the molten steel, and 
determines the temperature in the solidification 
chamebr by a contact thermometer of a consum- 
able immersion thermocouple or a thermocouple 
covered with a ceramic protective tube. 

The consumable immersion thermocouple de- 
grades after only one measurement cycle because 
it directly contacts the molten steel. Therefore, a 
probe to measure the temperature is detachable at 
the tip of the thermometer, and the tip probe is 
replaced in every measurement Since such an 
expensive probe is discarded at each measure- 
ment, increase of the number of measurement is 
difficult. 

In the case that a thermocouple is covered with 
a ceramic tube, the thermocouple does not contact 
directly with the molten steel. Consequently, a con- 
tinuous measurement is possible. In this case, how- 
ever, the durability of ceramic protective tube has a 
limitation because of heat shock and erosion caus- 
ed by slag. As a result an expensive protective 
tube is durable only for 50 to 100 hrs. , and 
repeated use for a long period is impossible. 

As a means to solve the problems above de- 
scribed, a consumable temperature measuring 
technology was introduced, which technology uses 
an optical fiber immersing into a high temperature 
molten metal, receives the radiation light emitted 
from the molten metal to the optical fiber, and 
measures the intensity of the radiation light using a 
photo-electric conversion element mounted at the 
other end of the optical fiber to determine the 
temperature of the molen metal. For example, Un- 
examined Japanese Patent Publication No. 62- 
19727 is referred. 

To precisely measure the temperature of mol- 
ten metal, however, it is necessary to stably im- 
merse the optical fiber to some depth into the 
molten metal. The technology disclosed in the 
above patent publication gives a weak strength of 
optical fiber. In the case that the optical fiber is 



covered with an ordinary material such as TEFLON 
(trade mark), the covering material catches fire 
when the optical fiber approaches the surface of 
the molten metal, and the core of the optical fiber 

s exposes to significantly reduce its strength. As a 
resutt, the optical fiber easily snaps at the immer- 
sion into the molten metal, which makes it difficult 
to Immerse the optical fiber into the molten metal. 
Therefore, that type of optical fiber cannot be im- 

10 mersed into a molten metal to a depth necessary 
to determine accurately the inside temperature of 
the molten metal. 

Another technology to measure a temperature 
at a deep zone using a double-covered optical fiber 

75 is disclosed in Unexamined Japanese Patent Pub- 
lication No. 4-231509. The disclosure deals with a 
metallic tube which is covered with an insulation 
coating to prolong the melt-out time of the optical 
fiber owing to the presence of the insulation coat- 

20 ing. Nevertheless, the amount of melMoss is still 
large, and further prolongation of life has been 
wanted from the standpoint of cost. In addition, 
ordinary insulation materials are insufficient in their 
heat resistance and are unable to immerse stably 

25 into molten metal. At this point also, an optical fiber 
having a covering with better insulation property 
has been waited. 

SUMMARY OF THE INVENTION 

30 

It is an object of the present invention to pro- 
vide a temperature measuring device wherein a 
temperature measurement for a long period and 
with high accuracy is ensured, 
js To attain the above-mentioned object, the 
present invention provides a temperature measur- 
ing device, comprising: 

(a) an optical fiber; 

(b) a metallic protective tube for covering the 
4a optical fiber ; 

(c) a heat insulation coating for covering the 
protective tube, the optical fiber being covered 
with the protective tube and the heat insulation 
coating to form a double-covered optical fiber, 

45 and a tip of the double-covered optical fiber 
being a temperature measuring element; and 

(d) said heat insulation coating containing par- 
ticles as an additive having a melting point high- 
er than a temperature of a molten metal being 

SO measured. 

The present invention further provides a tem- 
perature measuring device, comprising: 

(a) an optical fiber; 

(b) a metallic protective tube for covering the 
S6 optical fiber ; and 

(c) a heat insulation coating for covering the 
metallic protective tube, the heat insulation coat- 
ing comprising cellulose. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a cross sectional view of a tem- 
perature measuring device of the present inven- 
tion; 

Fig. 2 shows a cross sectional view of the tem- 
perature measuring device under a measuring 
state of the present invention; 
Fig. 3 shows a cross sectional view of the tem- 
perature measuring device under another mea- 
suring state of the present invention; 
Fig. 4 illustrates a schematic diagram of tem- 
perature measuring device using a double-cov- 
ered optical fiber of the present invention; 
Fig. 5 Is a frequency distribution showing a 
melt-loss in the case of an ordinary insulation 
coating containing no carbon particle; 
Fig. 6 is a frequency distribution showing a 
melt-loss in the case of an insulation coating 
containing carbon particles; 
Fig. 7 is a waveform diagram showing a tem- 
perature determined with an ordinary insulation 
coating containing no carbon particle; 
Fig. 8 is a waveform diagram showing a tem- 
perature determined with an insulation coating 
containing carbon particles; 
Fig. 9 shows a relation between the temperature 
of molten steel and the temperature measured 
using a double-covered optical fiber with an 
ordinary insulation coating containing no carbon 
particle; and 

Fig. 10 shows a relation between the tempera- 
ture of molten steel and the temperature mea- 
sured using a double-covered optical fiber with 
an insulation coating containing carbon particles. 

DESCRIPTION OF THE EMBODIMENT 

A double-covered optical fiber of the present 
invention has a protective tube on the optical fiber, 
and further has an insulation coating covering the 
protective tube. The insulation coating contains 
particles having a melting point higher than the 
temperature of a target material. The particles of 
high melting point use carbon particles. 

Furthermore, the double-covered optical fiber 
of the present invention has a metallic protective 
tube thereon, and further has an insulation coating 
consisting of cellulose covering the protective tube. 
The insulation coating is made of paper. 

For example, carbon (graphite) is an element of 
the highest melting point of more than 3,500 a C. 
When an insulation material containing the carbon 
particles as the additive is immersed into a molten 
metal, the carbon particles do not burn because 
they can not receive oxygen and leave a charcoal 
layer on the protective tube after the insulation 
material melted out in the molten metal. The re- 
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mafned charcoal layer gives an Insulation effect to 
suppress the melt-loss of the protective tube. In 
addition, a metal having a high temperature durabil- 
ity supports to maintain the fiexurai strength of the 
5 optical fiber. 

In this way, an insulation coating containing 
particles as the additive having a temperature of 
melting point higher than the temperature of the 
target material reduces the consumption of the 
to optical fiber and maintains the strength of the pro- 
tective tube, which enables to determine the tem- 
perature Inside of (deep in) the molten metal. 

Also when an insulation material composing of 
cellulose is immersed into a molten metal, the 
19 heat-receiving condition without accompanying oxi- 
dation is established. As a result, a carbon struc- 
ture is left after the melting-out of the insulation 
material to remain on the surface of the protective 
tube as charcoal. The charcoal gives an effect of 
so heat insulation to suppress the damage of the 
protective tube. In addition, a metal having a high 
temperature durability supports to maintain the 
fiexurai strength of the optical fiber. 

Following the procedure, the insulation coating 
25 comprising cellulose component reduces the con- 
sumption of the optical fiber and maintains the 
strength of the protective tube to enable the mea- 
surement of inside of (deep into) the molten metal 

30 Example 1 

Fig. 1 shows a cross section of a fiber of 
Example 1 of the present invention. The reference 
number 1 designates the double-covered optical 

55 fiber. The double-covered optical fiber comprises 
an optica] fiber 11, a protective tube 12 for cover- 
ing the optical fiber 11, and a Insulating coating 13 
for covering the surface of the protective tube 12. 
The optical fiber 11 Is a Gl fiber ( GRADED-lNDEX 

40 MULTIMODE FIBER ) made of a quartz glass. The 
optical fiber 11 has an inner diameter of 50 urn 
and an outer diameter of 125 U m and is coated 
with polyimide. The optical fiber which has the 
inner diameter of 50 U m and the outer diameter of 

45 125 u m is abbreviated as " a 50/125 optical fiber \ 
The protective tube 12 is made of stainless steel 
having 1.4 mm of outer diameter and 1 mm of 
inner diameter. The insulation coating 13 is made 
from polyethylene resin containing carbon particles 

so as the additive at a rate of approximately 3%. 

For example, as illustrated in Fig. 4, a tempera- 
ture measuring device to determine the tempera- 
ture of the molten steel is structured by a double- 
covered optical fiber 1 which is coiled around a 

55 feed drum 2 and which Is used as both the light 
guide and the temperature measuring element, an 
optical fiber transfer means 3, and a signal proces- 
sor 4. Purging with an inert gas 7 Is applied sur- 
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rounding the double-covered optical fiber near to 
the molten steel surface to perform a maximum 
effect of the heat-resistant covering of the optical 
fiber 1 and to prevent burning the cover materiaJ. 

With the temperature measuring device having 
the above-described structure, the temperature of a 
molten steel Is determined. When the tip of double- 
covered opticaJ fiber 1 is immersed Into the molten 
steel 6 through the powder 6, the insulation coating 
13 melts during the tip of double-covered optical 
fiber 1 passes through the powder 6 while leaving 
a charcoal layer on the surface of the protective 
tube 12 because the optical fiber 11 is covered 
with a protective tube 12 made of stainless steel 
and with an insulation coating 13 consisting of 
polyethylene containing carbon particles as the ad- 
dftive at a rate of approximately 3%. The remained 
charcoal layer gives an effect of heat insulation to 
protect the protective tube 12 from heat, so the 
optical fiber 11 is possible to Immerse into the 
molten steel 5 stably. 

On the contrary, in the case of insulation coat 
ing made from ordinary polyethylene which con- 
tains no carbon particle, the insulation coating 
melts out on passing through the powder to expose 
the protective tube 12. As a result, compared with 
the case of the present invention using an insula- 
tion coating 13 made from polyethylene containing 
carbon particles as the additive, the speed of melt- 
ing the protective tube is high, and that type of 
optical fiber 11 cannot Immerse stably into a suffi- 
cient depth. This is because the protective tube 
degraded its flexural strength cannot endure the 
pressure of the molten steel 5 and can not im- 
merse into the molten steel 5. and because the 
amount of melt-loss is excessive even when the 
optical fiber 11 Is immersed into the molten steel 5. 

When a double-covered optical fiber 1 using an 
insulation coating 13 containing carbon particles as 
the additive is immersed into the molten steel at 
1500 *C or more, the temperature of the tip of 
double-covered optical fiber 1 shows a sudden rise, 
and the insulation coating 13 at the tip is melted 
out to leave a thin charcoal layer on the surface of 
the protective tube 12. Since the protective tube 12 
Is formed by a stainless steel having a melting 
point in an approximate range from 1400 to 1430 
• C, the area where is not insulated by the charcoal 
insulation layer receives heat to gradually melt 
from the tip, and the optical fiber 11 gradually 
exposes from the tip as shown in the cross section 
in Rg. 2. 

The tip of the exposed optical fiber 11 Imme- 
diately receives the light depending on the tem- 
perature of molten steel 5. The incident light is sent 
to the signal processor 4 via the double-covered 
optical fiber 11 and is converted to temperature. 



When an insulation coating 13 containing car- 
bon particles as the additive is used, there appears 
a time lag between the time of immersing the tip of 
double-covered optical fiber 1 into the molten steel 
s 5 and the time of melting the protective tube 12 
until the optical fiber 11 exposes. So the tip of 
optical fiber 11 is secured at a specified depth in 
the molten steel 5. Since the optical fiber 11 is 
made from a quartz glass having a softening point 

10 at approximately 1600 'C which is more than the 
temperature of the molten steel 5, the optical fiber 
1 1 maintains the original shape for a certain period 
even after it is exposed. Therefore, the internal 
temperature of the molten steel 5 can be deter- 

75 mined promptly and accurately. 

After the measurement, the double-covered op- 
tical fiber 1 is drawn out from the molten steel 5. 
The tip of protective tube 12 is melted to cover the 
tip of optical fiber 11, which is shown in Rg. 3. In 

so such a manner, the protective tube 12 and the 
insulation coating 13 are remained at the tip of 
double-covered optical fiber 1, and the protective 
tube 12 covers and protects the tip of optical fiber 
11. Accordingly, the optical fiber 11 can be im- 

25 mersed deep Into the molten steel 5 at next mea- 
suring cycle. 

An example is referred to observe the state of 
the tip of double-covered optical fiber 1 on measur- 
ing the temperature of molten steel 5- As men- 

M tioned above, the double-covered optical fibBr com- 
prises an optical fiber 11, a protective tube 1 2 for 
covering the optical fiber 11, and an insulating 
coating 13 for covering the surface of the protec- 
tive tube 12. The optical fiber 11 is a Gi fiber ( 

35 GRADED-INDEX MULTIMODE FIBER ) made of a 
quartz glass. The optical fiber 11 has an inner 
diameter of 50 u m and an outer diameter of 125 u 
m and is coated with polyimide. The protective 
tube 12 Is made of stainless steel having 1.4 mm 

ao of outer diameter and 1 mm of inner diameter. The 
insulation coating 13 is made from polyethylene 
resin containing carbon particles as the additive at 
a rate of approximately 3%. 

The tip of double-covered optical fiber 1 was 

45 immersed Into a molten steel 5 at 1550 'C to a 
depth of approximately 200 mm to hold it there for 
1 sec. The measurement was repeated intermit- 
tently. In every measurement, the shape of the tip 
of double-covered optical fiber 1 was observed to 

so find that the tip immersed Into the molten steel 5 to 
a depth of approximately 200 mm became a shape 
as shown in Pig. 3, while leaving approximately 160 
mm long tip. During 1 sec. of measurement, it was 
found that the tip of double-covered optical fiber 1 

ss lost about 40 mm long, but the tip was held in the 
molten steel 5, not in the powder 6 above the 
molten steel, and that the inside temperature of the 
molten steel 5 was measured. 
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Next, to clarify an effect of the present inven- 
tion, the double-covered optical fiber 1 of this in- 
vention using an insulation coating 13 composing 
polyethylene containing about 3% of carbon par- 
ticles as the additive was compared with the dou- 
ble-covered optical fiber using an insulation coating 
composing ordinary polyethylene containing no 
carbon particle. 

Fig. 5 and Rg. 6 show the melt-loss of the 
optical fiber when the tip of double-covered optical 
fiber was repeatedly immersed into the molten 
steel 5 at 1550 ■ C to a depth of 200 mm to hold it 
there for 1 sec. Fig. 5 indicates the melt-loss in the 
case of the insulation coating of ordinary polyethyl- 
ene without containing carbon particle additrve. Fig. 
6 shows the melt-loss in the case of the insulation 
coating polyethylene containing approximately 3% 
of carbon particles as the additive. 

The melt-loss of the case using an insulation 
coating of ordinary polyethylene containing no car- 
bon particle was approximately 120 mm, The melt- 
loss of the case using an insulation coating of 
polyethylene containing carbon particles at approxi- 
mately 3% as the additrve was approximately 40 
mm, which showed a significant difference in each 
of the cases. The comparison confirmed the supe- 
riority of the polyethylene containing carbon par- 
ticles as the additive. 

Fig. 7 and Fig. 8 show the observed waveform 
when the tip of double-covered optical fiber was 
repeatedly immersed into the molten steel 5 to a 
depth of approximately 200 mm and held it at the 
place for 1 sec. Fig. 7 is drawn in the case of the 
insulation coating of ordinary polyethylene without 
containing carbon particle additive. Fig. 6 shows 
the melt-loss in the case of the Insulation coating of 
polyethylene containing approximately 3% of car- 
bon particles as the additive. In Fig. 7, there ob- 
served several times of sudden decrease of mea- 
sured value. The phenomenon indicates the tem- 
perature change occurred at the time of melting out 
of the tip of exposed optical fiber to expose a new 
tip portion. On the other hand, Fig. 8 shows a 
stable plateau, which indicates that the optical fiber 
11 was well protected and that the measurement 
was conducted at a stable position. 

Then, the tip of double-covered optical fiber 
was immersed into the molten steel 5 which was 
varied its temperature in a range from 1500 to 
1600 "C to a depth of approximately 200 mm to 
hold there for 1 sec. The intermittently repeated 
measurement was carried out, and the results are 
given in Fig. 9 and Fig. 10. Rg. 9 is drawn In the 
case of the insulation coating of ordinary polyethyl- 
ene without containing carbon particle additive. Fig. 
10 shows the meft-loss in the case of the insulation 
coating polyethylene containing approximately 3% 
of carbon particles as the additive. 



613 A1 8 



Referring to Fig. 9, there often appeared a 
temperature indication lower than the actual molten 
steel by nearly 20 • C. The presumed cause of the 
phenomenon is that the tip of double-covered op- 

5 tical fiber 1 lost te insulation coating before reach- 
ing to a sufficient depth during the process of 
immersing the double-covered optical fiber 1 into 
the molten steel 5 and that the protective tube 12 
was directly exposed to the molten steel 5 to lose 

10 its strength and that the tip could not reach a 
sufficient depth and the correct temperature of 
molten steel 5 was not able to be measured. 

To the contrary, in the case of using an insula- 
tion coating 13 comprising polyethylene containing 

75 carbon particles as the additive, which is shown in 
Rg. 10, there attained nearly completely stable 
measurement of correct temperature. 

With the above temperature measurement re- 
sults, the superiority of the insulation containing 

2q carbon particles as the additive was confirmed. 

The above example uses the insulation coating 
comprising polyethylene containing carbon parti- 
cles at about 3% as the additive. Nevertheless, an 
insulation coating of polyethylene containing car- 

25 bon particles at about 5% gives similar effect with 
the 3% case. If the bending characteristics of the 
optical fiber on coiling around the drum is not 
required to consider, the content of the carbon 
particles may be increased further. 

so 

Example 2 

Example 2 used a heat-shrink tube made of 
polyethylene containing carbon particles as the ad- 
ss ditive as an insulation coating of the double-cov- 
ered optical fiber. The following is the description 
of the structure of double-covered optical fiber of 
Example 2. 

The double-coated optical fiber comprised a 

40 50/125 optical fiber 11 made of Gl fiber of a quartz 
glass coated with polylmlde, a protective tube 12 
made of stainless steel having 1.4 mm of outer 
diameter and 1 mm of inner diameter covering the 
optical fiber 11, and a heat-shrink tubs made from 

46 polyethylene resin containing carbon particles as 
the additive covering the surface of the protective 
tube 12 to form the double-covered optical fiber 
with outside diameter of approximately 4 mm. 
The tip of double-covered optical fiber was 

so immersed into a molten steel at a temperature 
ranging from 1400 to 1600*0 to a depth of ap- 
proximately 200 mm to hold it there for 1 sec. The 
measurement was repeated intermittently. In every 
measurement, the shape of the tip of double-cov- 

ss ered optical fiber was observed to find that a tip 
having a shape similar to Fig. 3 remained and that 
the melt-loss at the tip of double-covered optical 
fiber was approximately 30 mm, which was similar 
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effect with the case using an insulation coating of 
polyethylene containing approximately 3% of car- 
bon particles and that the tip was immersed to a 
sufficient depth to determine correct temperature of 
the molten steel using a temperature measuring 5 
device employing the double-covered optical fiber. 

From the above results, also with a double- 
covered optical fiber using an insulation coating of 
polyethylene heat shrink tube, it was confirmed that 
the temperature of molten steel at a sufficient jo 
depth can be measured with a reduced consump- 
tion of the optical fiber in every measurement. 



Example 3 



Examples 1 and 2 dealt with an optical fiber 11 
made from quartz glass and a protective tube 12 
made of stainless steel to measure a temperature 
of molten steel at approximately 1500 'C. How- 
ever, a temperature at around 1000'C could be 20 
measured by using an optical fiber made from 
multi-component glass having a softening point of 
1000 'C or below covered with an insulation coat- 
ing containing carbon particles as the additive. 

25 

Example 4 

Example 4 used an optical fiber covered with a 
metallic tube, which was further covered with a 
paper tape winding thereon. The structure of the 00 
double-covered optical fiber was a 50/125 optical 
fiber 11 consisting of a Gl fiber of quartz glass 
coated by polyimide, a protective tube 12 which 
had 1.4 mm of outer diameter and 1 mm of inner 
diameter and which was made of stainless steel to os 
cover the optical fiber 11, a paper tape as the 
insulation coating wound around the protective tube 
12. 

The prepared double-covered optical fiber was 
immersed into the molten steel at a temperature of *q 
1400 to 1600 # C to a depth of 200 mm, and the 
state of the tip of double-covered optical fiber was 
observed. The portion immersed into the molten 
steel left soot-like charcoal on the surface of the 
metallic tube, and approximately 50 mm length at as 
the tip was melted out. in the case that an optical 
fiber covered with a metallic tube without using an 
Insulation coating was immersed into the molten 
steel, nearly all the portion Immersed into the mol- 
ten steel was melted out. so 

From the observation described above, it was 
confirmed that a double-covered optical fiber using 
an Insulation coating consisting of cellulose per- 
formed the measurement of temperature at a suffi- 
ciently deep zone of a molten metal with a reduced 55 
amount of melMoss in every measurement cycle. 

As described in detail above, since the double- 
covered optical fiber of the present invention em- 



ploys a metallic protective tube on th© optical fiber 
and an insulation coating containing particles hav- 
ing a melting point higher than the temperature of 
target material or an insulation coating consisting of 
cellulose, the double-covered optical fiber gives a 
reduced amount of melt-loss to decrease the cost 
of measurement even when it is applied to a mol- 
ten metal system. 

Also since the metallic protective tube has a 
sufficient strength, the double-covered optical fiber 
of the present invention allows to measure a tem- 
perature at a deep zone in the molten metal for 
determining a correct temperature. 



18 Claims 



It A temperature measuring device comprising: 

(a) an optical fiber (11); 

(b) a metallic protective tube (12) for cover- 
ing the optical fiber; 

(c) a heat insulation coating (13) for cover- 
ing the protective tube, the optical fiber 
being covered with the protective tube and 
the heat insulation coating to form a double- 
covered optical fiber, and a tip of the dou- 
ble-covered optical fiber being a tempera- 
ture measuring element; and 

(d) said heat insulation coating containing 
particles as an additive having a melting 
point higher than a temperature of a molten 
metal being measured. 

2. The temperature measuring device of claim 1, 
wherein said optical fiber is a optical fiber 
made from a quartz glass. 

3. The temperature measuring device of claim 1, 
wherein said metallic protective tube is a stain- 
less steel tube. 

4. The temperature measuring device of claim 1, 
wherein said particle is carbon particles. 

5. The temperature measuring device of claim 1, 
wherein said heat insulation coating is a poly- 
ethylene coating containing carbon particles as 
an additive. 

6. The temperature measuring device of claim 1, 
wherein said heat insulation coating is a poly- 
ethylene tube containing carbon particles as an 
additive, the polyethylene tube having a ther- 
mal s hrlnkage property, 

7. A temperature measuring device comprising: 

(a) an optical fiber (11) ; 

(b) a metallic protective tube (12) for cover- 
ing the optical fiber ; and 
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(c) a heat Insulation coating (13) for cover- 
ing the metallic protective tube, the heat 
insulation coating comprising cellulose. 

8. The temperature measuring device of claim 7, 5 
wherein said heat insulation coating is made of 
paper. 



10 



15 



SO 



25 



SO 



35 



40 



60 



65 



7 



. 25. MAI. 2004 13:48 



HH PATENTABTL6. 06181 354949 



NR. 817 S. 11 



EP 0 655 613 A1 



FIG. J 

/ !3 

I ( 



II , 2 

FIG. 2 

/ /3 

// 




12 

FIG. 3 

' 13 




// 



/2 



8 



. 25. MAI. 2004 13:49 



HH PATENTABTIG. 06181 354949 

EP0 65S613A1 



NR. 817 S. 12 




FIG. B 




0 10 20 30 40 50 60 70 60 90 100 110 120 130 140 



MELT-LOSS (mm) 



25. MAI. 2004 13:49 



HH PATENTABTIG. 06181 354949 

EP 0 655 613 A1 



NR. 817 S, 13 



FIG- G 




10 20 30 40 50 GO 70 60 90 100 110 120 130 140 
MELT-LOSS (mm) 




10 



25. MAI. 2004 13:49 



HH PATENTABTLG. 06181 354949 

EP0 65S 613 A1 



NR. 817 S. 14 




11 



25. MAI. 2004 13:49 



HH PATENTABTLG. 06181 354949 

EP 0 655 613 A1 



NR. 817 S. 15 



FIG. 10 




1500 1520 1540 1560 1560 1600 

TEMPERATURE OF 
MOLTEN STEEL. fO 



12 



25.MAI. 2004 13:50 HH PATE NTABTLG. 06181 354949 



NR. 817 



J 



KnropMQ Patent 
Office 



EUROPEAN SEARCH REPORT 



Appttevtloo F 

EP 94 U 8784 



DOCUMENTS CONSIDERED TO BE RELEVANT 






CkMiin of dflttlBCTf with indicxtioa, where appropriate, 
■f relevant pMM{M 


Referent 


APPLICATION 


A 


FR-A-l 574 054 (LOUIS JULIEN) 11 July 1969 

* page 1, line 11 - line 35 * 

* oaae 2 line 11 - line 31 * 


1,7.8 


601J5/04 


A 


^ — ■ 

DE-A-16 48 246 (KUNZER) 8 July 1971 
* the whole document * 


1-3,7,8 




A 


FR-A-2 289 888 (ELECTRU-NITE) 28 May 1976 
* oaae 2. line 11 — r>AOf» 3 Tine 33 * 

— — ^ 


1.7.8 




A 


US-A-4 093 193 (CASSIDY E.A>) 6 June 1978 
* figure 5 * 


1-4,7,8 




A 


PATENT ABSTRACTS OF JAPAN 

vol, 17, no. 170 (P-1515) 31 March 1993 

& JP-A-04 329 323 (KAWASAKI STEEL) 18 

November 1992 

* abstract * 


1.2 




A 


PATENT ABSTRACTS OF JAPAN 


1 






vol. 12, no. 313 (P-749) 25 August 1988 
& JP-A-63 081 264 (JAPAN VILENE CO) 12 
April 1988 
* abstract * 




TECHNICAL FIELDS 
GEAfeOifeD (lutXLQ 






GOIJ 
GOIK 


A 


PATENT ABSTRACTS OF JAPAN 

vol. 8, no. 33 (P-254) 14 February 1984 

& JP-A-58 189 527 (NIPPON KOKAN) 5 

November 1983 

* abstract * 


1,4 




A 


PATENT ABSTRACTS OF JAPAN 

vol. 17, no. 522 (P-1616) 20 September 

1993 

& JP-A-05 142 049 (NKK) 8 June 1993 
* abstract * 


1 




The present Earth report htt tttctt dnnrto up For nil duu 







THE HAGUE 



12 January 1995 



Ramboer, P 



CATEGORY OP CITED DOCUMENTS 

X : urrfoiliriy MiMttftt if tmkea *Jan« 
Y : pMltaiJiklj nlwvMnt K comMn«d vUb math* 
iOOitmmi uf tiwsMACHwwy 

P: 



E : ttriltt fUMl itXL3*mt t fat ^hHsM on* w 

D ! £2i£irSvftfftht ippficulfii 
1 1 <mt dirt tar otbw Ntum 

ft ; raeubw of th t sine pitont funny, ottS5to#SF" 



